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MMWNWRW OF THE MOMENTSOF IKERTIAOF

AN AIRPLANEBY A SIMPLIFIEDMETHOD

By Ward L.’Turner

SUMMARY

A simplifiedmethodfor the experimentaldetemtion of the
mamentsof inertia,productof inertia,and inclinationof the princi-
pal axes;the associatedequipmentand techniques;and the application
of thismethodto a conventional13,000-pound airplaneare described.
Measurementswere made with the landinggear retractedfor full and
emptyfuel conditions. The equipment,which consistedprimarilyof
knif=dge supportsand restrainingspringsfor the pitch and roll axes
and a singl-shafttorsionalpendulumfor the yaw axis,was designedfor
increasedaccuracyas well as‘for simplicityof operationaud ease of
handling,as comparedwith previousmethods. At no timewas it necessary
to hoist or jackthe airplanein an abnormalfashion.

kM@3iS showadthe :maximumpossibleerrorof the taertiameasur-
ments to be *1.7, Q.z?, and ~0.6 percentof the truemomentsof tirtia
aboutthe X, Y, and Z axes,respectively.For each suspensionsystan,
measuredmomentsof inertiaof knownmassesof simpleform agreed
within0.5 percentwith the calcukhed values.

The resultsof brief testshave tidicatedthat suitableapplication
of the torsionalpendulumwould permitevz@ation of the inclinationof
the principalaxes to withinless thsn *O.lO,which corresp- to an
errorof less than *35 sl~-feet squaredh the productof inertiaof
the test airplane.

“INEKDUCTIOIV

,
The dynamic+stabilityproblemsaccompanyingthe unusualconfig–

urationsand the increasesin the relativedensityof modernaircraft,
aud the applicationof rationaldesignproceduresto servomechanism
installationsnecessitatean accuratelamiledgeof.the dynamicresponse
characteristicsof the airplane.‘Theseresponsecharacteristics,5n

.
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2 N/WA m 2201 ‘

turn,are dependentupon the accurateevaluationof productof inertia ‘
(or inclinationof the principal-axes)and momentsof inertia. The
effectof productof inertiawas usuallyneglectedin earlierdynamic-
stabilitywork,but in recentyearsthis effecthas becomemore important
and csnno longerbe ignored(references1 and2).

The practicalproblemsinvolvedin the eq?er-tal determination
~of the m~ents of inertiaand productof inertiahavebecomecritical
with modernaircraft. It has been the practiceto suspendand swingthe
airplaneas a compoundand as a bifilarpendulum,and to correctthe
resultingdata for the displacementof the axes of oscillationfrom the
body axes throughthe centerof gravityof the airplane(references3
to 6). It iS difficultto find a structurefromwhichairplanesweighing
over10,000poundscan be suspendedfor sw@@g. Usuallya building
with sufficientstrengthand spaceto permitmlnging hassuch a high
overheadstructurethat the hoistingand handlingproblemsbecomeunrea-
sonableas accuracyconsiderationsfor a compoundpendulumrequirethe
~hortestpossiblependulnmlengths. Evenwith shortpendulumlengths,
whichmightbe obtainedby hoistingand sw@@g the airplanehigh above
the hangarfloor,the correctionsrequiredfor the transferof axes
alone (as shownby the data in references4 to 7) would be as high as
200 to 700 percentof the finalresults. Hence,it csnbe seenthat the b

accuracyof the resultswing sucha swingingsystemwouldhe dependent
upon smalldiffermces in largenuuibers.

UI view of the structural,hoisting,hsn&Mng, and accuracyproblems ‘
involved,it appearedimpracticalto =tend theseswingingmethodsto
%he largerand heatieraircraftof the presentand future. Theseprq~
t:caldifficultiesled the CornellAeronauticalLaboratoryto employa
systemof pivots~d spr~s to measure tk moment of tnertiaaboutWe
pitchsxis of a&25J airplane(reference7).-

Whenthe problemof measuringthe momentsof inertiaand productof
tiertiaof a 13,00Gpoundairplanearose,it was decidedto designsnd
installequipmentthat couldbe used to measurethe mments of inertia
of aircraftweighingup to 20,000pounds. This equipmentwas to be so
designedthatthe axes of oscillationwouldbe on or.asnear as possible
to the body axes of the airplsme. The necessityof hoistingand swinghg
the airplanehigh abovethe hangarfloorwas to be eliminated.Handling
problem were tobe reducedto the pointwhere only the handlingand
jackingtechniquessuchas normallyused for checkingretractablelanding
gearwouldbe employed. The equipmentwas to be flexiblein principle
to allowits use on any modernaircraftwith a minimumamountof special
fitthgs.

0

A descriptionof thismcm&iiof-inertiagear and its applicationto
the measurementof the momentsOf inertiaand productof tnertiaof a
13,00*pound airplanewe givenin this report. Dur@3 activitiesnot
associatedwith thisprogram,the”torsionalpendulumwas damagedprior

.
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to the completionof an accuratedeterminationof the airplaneprOauOt of
inertia. Ratherthan delaya flightprogramScheama for the test air-
plane,the inertia
product-of-inertia

measurements were discontinued.However,~icient
datawere obtainedto warrantdiscussionat this time.

t.

SYMBOLS

Refer to figures.1and 2 for
certainsymbols. The notationof
the symbolsused in this report.

clarification& the d.efiqitionof
reference8 was mea a~ a basisfor

Ix, Iy, Iz

% ‘

()&aspectratio of the surface
F

static spring constants of the restrainingEprings
for the X- and Y-axes oscillations,respectively,
poundsper foot

equivalentspringconstantof torsionalpaidulum,supporb
ing roof trussand airplanecradle,foo%pounds per
radian

dihedml+mgle correctim factor

p&u+form taperatio correctionfactor

momentsof ~rtia aboutthe roll,pitch,and yaw sxes,
respectively(theaxes are furtherdefinedby subscripts
ref, prin, etc.),sl~feet squared

productof tiertia~slug-feetsquared
+

momentof inertiaabuutan axis in the
parallelto the axis of oscillation,

XZ plane,
inclinedfrom

X-bodyreferenceaxisby an angle 6, and passing
throughthe airplanecenterof gravity,slug-feet
squared

the

.

momentof inertiaof the %axis torsional-pendulumgear
(ticl~es *e pendulumshaftand the airplanesupport
cradle)

fuselagelength,feet

perpendiculardistance
ing springto the X

frti center line of the restraW
axis of oscillation,feet

. . . . .. —-..------ .- —._ -. +_. . . .. .- --- ... . ---- .. —— ..- — - ——— —.—...—— .—-.. -—.- --- ,
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M.A.C.

P

s

v

w

b

c

z

d

8

k

kt

.

krry, ktfz

.
Xfx .

Zfr

P_~c@ ~st=e frm the centerline of the .,
restrainingspringto the Y axis of oscillation,feet

()1.2 “~
mean aerodynamicchordo? wing — , feet

[c @

periodof oscillation,seconds

area of the surfacedenotedby the subscript,squarefeet
.

totalvolume& airplane,cubicfeet

airplaneweight,pounds

span of the surfacedenotedby the mibscript,feet

localchord,feet

mean chordof the surface
()

g
b

, feet

geomefrioaveragedepthof the fuselage,feet

accelerationdue to-gravity,32.2feet Per se~ofiPer
seoond

verticalccmponentof the distancefrom the X and y
axes of osoilJation,respectively,”to the airplane
centerof grawity,feet

ooef+icientof additionalmass of an equivalentflat ‘
rectangularp~te

coeffIcientof additio=l mcinentof inertiaof an equiv-
alentflat rec~ P~te

coefficientsof additionalmass of an equivalentfuselage
ellipsoid.for motionalongthe Y and Z axes,respec-
tively

coefficientsof additionalmomentof inertiaof‘equivalent
fuselageellipsoidaboutthe Y and Z axes,respectively

,
Penetic- distmce in the vefi’icalplanefrom the
X axis of oscillationto the centroidof the sidearea
of the fuselage,feet

componentof distancein the XY pme of the peqe~c-
ular d5@ance betweenthe Y axis of oscillation~
the centroidof the top area of the fuselage,feet

.. .... . . . . . ..— . . . .----- .,- .* ...
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lfz.

m

w

e

e

P

add mass

fuse

ht

knifeedge

mess

prin

ref

perpendiculardistancein the vertical.planefrom the
Z axis of oscillationto the centroidof the sidearea
of the fuselage,feet

,

componentof distancein the XY planeof the perpendic-
ular distancebetweenthe centroidof the horizontal-
tail area and the Y axis of oscillation,feet

perpendiculardistanceIhmthe Z axis of oscillation
to the centroidof area of the verticaltail,feet

perpendiculardistancefrom the X and Y axes of oscil-
lation,respectively,to the airplanecenterof gravity,
feet

mass ()~%, slugs

geometricaveragewidth of the fuselage,feet

anglein the XZ planebetweenthe X-bodyreferenceaxis
and the X’ principalaxis,positivewh&n
axis is nose up, degrees

anglebetweenthe X-bodyreferenceexis and
axis in the XZ plane,positivewhen the
is nose up, degrees

air depsityat test altitude,

EWbscripts

additionalmass

fuselage

horizontaltail

axis of oscillation “

the reference

an inclined
referenceaxis

slugsper cubicfoot

.

,

as measured(uncorrectedfor transferof axes,additional
mass, etc.)

“principalaxis

body reference
gratity

. . ...-— _.— . ..— —.— _
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axis passingthroughairplsnecenterof
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verticaltail

axis in X2 planeinclinedfrombody referenceaxisby
en angle e

load Condition 1

load condition2

APPARAl!us,TESTS, AND lmAIxsIs METHODS

Momentsof InertiaAboutRoll end PitchAxes

Of the methodsof measuringmomentsof tiertiaconsidered,the most
promisingfrom the practicaland the accuracystandpoints.appearsto be
a systemwtirebythe airplaueis pivotedabouten axis of rotation
locatedon the airplanestructureand restrainedfromrotatingabout
this axisby a spring. The moment(?finertiaaboutthe axis of rotation
is then a functionof the springconstant;the locationof the spring,
and the periodof the resultingoscillation.TIE apparatusused in these
tests,the mannerin which the testswere carriedout, and the methodof
data analysisare describedbelow.

- The positionof the airplanecenterof gravitywas determinedby
weighingthe airplanein a tail-upand tail+xm attitudewhileholding
a lumwnreferencepoint on the airplaneat a fixedheight. By geometry,
the horizontaland verticalpositionsof the centerof gravitywith
respectto thisreferencewere calculatedfrom the weightand balance “
data. The positionsof the Wr@sne centerof gravityfor the full and
~ty fuel cOtitiOu (load.conditions1 and 2, respectively)are given
in AppendixA. A sketchof the airphne shuwingthe cent~f~avity
positionsand otherpertinentdimensionsis givenin figure1.

Roll SXiS.- The airplaueas set up for measuringthe momentof.
inertiaaboutthe roll axis (X axis)is shownin figure3. The two ~ife
edgesfixingthe axis of oscillationwere locatedin the plane of
symmetrybelow end astridethe centerof gravity. The restraidng springs
were attachedoutbosrdon the frontwing spar. AS the knife edges=re
below the centerof gravity,the springswere preloadedto stabilizethe
airplauein roll.

.
The hoistingand jackingof the airplanenecessexyto positionit

for testingwere reducedto a minimw. The airplanewas towedintoposi-
tionwith the mati landingwheelsrollingup on low rsmps. The restraw
ing sprtngswere securedand the tailwas raised. Enife edgesmountedcm

.
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hydraulicjackswere then positionedunderthe V410ck fittingsattaohed
to,theairplanestruoture(fig.4). The hydraulicjade were used to
raisethe airplaneto permitretractionof the landinggear,afterwhich
the jackswere lowered,positioningthe airplanefor test. This pro-
oedurewas reversedto remuvetheairplane.from the test position.

A standardNACA positionrecordercoupledwith a l/l(%econd timer
was connectedto the leftwing tip. An oscillationwas inducedmanually
at the springand photographicremrds of the timehistoriesof the
resulti& os~illationswere obtaimed. A double-sure
tion in roll is sham in figure5.

The momentof inertiaaboutthe axis of oscillation

( )()
2

Ix-e e~e = ~x%?-% !&

of the oscilla-

is givenby

(1)

where P is the periodof oscillation,and Cx is the sun of the static
springconstantsof the two springs. The momentof inertiaat a given
test attitudeabouta roll -s throughthe airplanecenterof gratity
&xl para12elto the axis of oscillationas obtainedfrom the measured
momentof inertiaaboutthe Wife+dge axis ts givenby the equation

%& = ‘Xknifeedge ()~+Vp 2X=‘I~dMs- % (2)

where I~a -s is the momentof inertiadue to the apparentadU-
tionalmass effectof oscillationin a fltiamedium (air)and thO term
[(w/%)+VP]2X2 represdis the transferof axes and the buoyanoyand
entrappedair correotiona.Momentsof inertiawere measuredabouttwo
axes in the planeof symmetry;one parallelto the bdy referenoeaxis
(8=00),and one inolinedfrom the body referenoesxis (e=7. 60°). Use
of theseequationsin the evaluationof the productof inertiais dis-
cussed.later.

Pitch aXiS.- A knife-edgeand restraini~pring” methodsimilarin
prinoipleand handlingproceduresto that for the roll axiswas used to
measure’the momefiof inertiaaboutthe pitchaxis (Y axis). The air-
planeas set up for test is shownin figure 6. The V blockswere fas-
tenedto the rearwing spar aft of the cente-~vity position,and
the restrainingspringwas securedto the arrester~ookstructureat
the tail. The sameknife edgeson hydraulicjacksas used for the roll-
axismeasurementswere employed. The lmife-edgeand V4dock assemblyis
shownin detailin figure 7. The same instrumentationthat was described
for the roll-axismeasurementswas attaohedto the tail of the airplane
to obtainphotographictime historiesof the oscillations.

The momentof inertiaaboutthe pitchaxis -sing throughtha
airplanecenterof gratityis givenby the equation

----- —.— ... — :— ---- —------ .-. .- -—-. — --------- -- ---------. -— ——--—-- —--—- “
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Momentof InertiaAbout Yaw
I .
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-(:+ VP)ZY2 ’3’

Axis

A long pendulumlength,so detrimentalin the case of the compound
pendulum,has a favora.leeffeot in the ease of a bifilartorsional
pendulum. It oan be shownthat the aoouracyof the bifilar-torsional-
yend.ulummethodis inoreasedas the ratio of the suspensionlengthto
the distancebetweenthe bifilarsupportsis inoreased. It seemedlogi-
oal to extendthis prinoipleto the pointwhere a singl~haft torsional
pendulumwouldbe used for the yaw-axisoscillations;the axis of,the
‘pendulumshaftthenwouldbe the axis of oscillation.The singl.~haft
torsionalpendulumhaa been used extensivelyin the past to measurethe
momentsof inertiaof smallobjeotssuoh as projectiles,missiles,and.
dynamicwind-tunnelmodels.

The torsionalpendulumshownin figures8 and 9 was made frm a
4.>inch+utside41ameter chr~ ~bdenum steeltubewith solidend
fittings. The u~er fittingwas rigidlysecuredto a suitableroof
truss: The lowerfittingwas oonnectedto the airplanesupportcradle
by a pin jointin such a mannerthat the airplanewas free in pitohbut

“ restrainedin rollby the bendingof the shaftand in yaw by the twist-
ing of the shaft. Th6 legs of the cradlewere boltedseourelyto pri-
mary struotureof the airplane. Slots in the oradlebeams perdtted
fore+nd~t adjustmentof the legs to allowfor variousoenter-of-
gravitypositions. The restoringforcewas providedby the twistingof
the shaft. The momentof inertiaaboutthe axis of the shaftis given
by the equation

2

()
&1%- =.Cz (4)

where Cz is the equivalentspringconstantof the system. This
torsional-pendulumspringconstantin foot-poundsper radianwas.eval-
..uatedby measuringangulardeflectionsresultingfrom knownapplied
torques.

It shouldbe notedthat equation(4) is rigorousonlywhen the axis
of oscillationis a principalaxis. When the axis of oscillationis not
a prinoipalsxis,thereis a couplingbetweenthe rollingand yawing
motionsand complexequationsrelatingthe two degreesof freedommust
be considered.Preliminaryestimatesfor the test airplane(verified
laterby the test results)indicatedthat the prinoipalaxiswas dis-
placedless &an 4° from the axis of oscillation.Calculationsshowed
that the effectsof the rollingon the periodof the oscillationin yaw
wouldbe negligible,so that equation(4)was a valid approximationin
the presenttests.

.

,

.
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The pendulumwas checkedwith a testframehavinga mass and moment
of inertiaaboutthe vei%icalaxis similarto the airplaueto be ~ested.
Blocksof leadwere addedto the test frameso as to Increasethe moment
of inertiaaboutthe verticalaxis approximately30 percent. It -S
foundthat the momentof inertiaof the leadblocksas measuredby the
pendulumagreed“withinO.@ percentwith the calculatedmomentsof inertia.
A photographof the calibrationtest frameon the pendulumis shownin
figure8. ~ momentof inertiaof the torsionalpendulumand cradle
aboutthe axis of the shaftwas deterndned~erimentally.

The airplanehandlhg procedureswere somewhatmore complicatedthsn .
thoseused for the knif~dge measurements.The cradlelegsware bolted
to the airplhneand the airplauetowedtitopositionunderthe pendulum.
The airplanewas then liftedin a levelattitudeto jointhe legsto the
cradlebeam. The pendulumlengthwas predeterminedsuchthat the dis-
taucethe airplanewas liftedwas justsufficientto permitlaud3n&gear
retraction.The cradlewas then adjustedso thatt~ axis of the shaft
was coincidentwith the -body referenceaxial.The airplaneas set up
for oscillatingaboutthe yaw axis is shownin figure9.

The photographicrecordinginstruments-e attachedto the tail of
the airplaneto measurethe yaxl.ngoscillation.A torquewas appliedto
the airplane“andheld untilany undesirablemotionhad been dampedout.
The torquewas then abruptlyreleasedand the airplaneoscillatedabout
the yaw sxis. A double~osure shuwingthe motionof *he oscillation
in yaw is shownin figure10. The momentof inertiaaboutthe yaw refe~
ence axis passingthroughthe airplanecenterof gravityis givenby the
equation

.

%ef = %neas - lzaddmass- 1% , (5)

.

Inclinationof snd Momentsof Inertia
Aboutthe PrticipalAxes

IYoductof inertiaand inclinationof the principalaxes.- It is
assumedthat the verticalplanepassingthroughthe centerline of the
airplaneis a planeof symetry. Hencethe pitchaxis is a principal
axis,sinceit is perpendicularto the plane cd?symetry, snd, cons-
quently,the productsof inertia In and Izy will be zero. M
figure2, let X~ef and &ef be the body referenceaxes, Q and Ze
be a set of axes ticbed from the body axesby a lamwnangle i3, snd
the axes xpr~ ~ ~rtu be the principalaxes,inclinedat &n single
E to the body referenceaxes. Then the momentof inertiaaboutthe Xo
sxis is givenhy the equation

. .. . . . . . . ..-. . -. . . .....— — --— ..- ..- .. —-, .————. — - - —-—--————-—— -,.
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Jz2 COS2e am

l%ef
COS2e +

l?ACATN 2201

cos e - x sti e)2 am

-2 J(xzstiecOse) am+

l%ef
s~2 e -

cos e

so that the productof inertiareferredto the body referenceaxis is

IxrefCOS2 f3+ I&ef sinz O - I%
I~ef =

2stiec0se
(6)

Since,%y defhition of principalaxes,
figure2 l~rin

I~rti = ~(x’’z;’)h = f(Z COs 6 -Xsti

Xcose) am=Cos 6 sin e (JZ2

Cos 2G j’xz am = o

or

equalszero,from

E)(zstie+

am- Jx2 am)+

hence

or

&

( )‘ %&in ‘ ~ %ef - %ef ‘m 2e + l%ef (Cos2G) = 0

2 *&eftan 2E =
‘%ef - lxref

If the mments of
sxes =a a moment
X body reference
maY be d.etermine~

= * ten-=
2 l%ef

E

%ef - %ef
(7)

fiertia Ixref @ I~ef about the body reference
of inertia I% aboutan axis inclined 0° from the
axis sre measured,then the productof inertia ~ef
from equation(6),and the inclinatione of the prin-

T

.,

.

cip~ axeswith respectto the body referenceaxes csm be determined
from equation(7).

The noticeablerollingmotionswhich occurredduringthe torsional
swingingssuggestedenothermethodof determiningE.

“
~S mathodiS

*

.
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based on the fact that applicationof a pure yawtcgmomentto the system
producesno rollingwhen the axis of oscillationcorrespondsto a prin-
cipalaxis of the suspendedbody. The anglebetweenthe referencesxis
aimthe axis of
of the airplane
tionwhichmust
approximatedby

where I% is

no”rollrepres&s the in~linationof the principalaxis
and gear combination.It can be shownthat the corre~
be appliedto yield e for the airplanealoneis closely
the expression

lXZG
(Ae)GZ

%ref – lXref

composedof the productof inertiaof the geai aboutits
own center-ofgravityand the termsinvolvedin correctingfor the dif-
ferencein cente~f~avity locationof the gear,airplane,and.airplane
gear conibination.

Brief testsof a preliminarynatureweremade for load condition1
with the airplanesuspendedwith the X referenceaxis at variousangles .
from +3.7°to +2.9° to the horizontal.A positionrecorderwas attached
to the leftwing tip to measurethe amplitudeand periodof the roll and
the same instrumentationas used for the yaw axis swingingswas used to
measurethe correspondingyaw amplitudeand period.

Principalmomentsof inertia.- The momentof inertia,aboutthe
Yref axiswill be a prticipalmomentof inertia,hmce

ll%omfigure2,

Ixprti= ~Z”2

*yref= Iyprti .

am= f(zcose-xsine)=dm

.Jz= COS2 e dm - 2Jxzsinecosedm+ .

or

lXprin= Ixref.COS2 E + I&ef sinz E-2 I&ef SiIl E COS E

I~rti= j’X”2dll=~(.ZSiRG +X COSG)2 dm

JZ2

Jx=

or

l~rin = IxrefSi.J12e

Cos=E am

+ I~ef COS=’~+21~efsinecos E

(8)

(9)

(lo)

..-. ------ --- -— .-. —..-—--- -— —.. : -- ..—-— ___ -,. .. .. .-—.. .. . . .... .. _________ ... . .. .
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RESULTSAND DISCUSSION

Mcmentsof bertia AboutBody ReferenceAxes

MACA TN 2201

Basicdata.- The dimensionsandphysicalcharacteristicsof the
airplsmeare givenin AppendixA. All measurementsof lengthweremade
severaltimesto at leastthe *arest 0.01 foot. The airplanewas
weighedeighttimesand the averagevalueswere used in the determinatim
of the horizont~ and verticalpositionsof the airplanecenterof
gravity. It is believedthe positionsof the centerof gravitywere
knownwithin+0.02foot. The perioddataas obtainedfrom the knife-
edgeand pendulummeasurementsare givenin table1. The period&lues
for eachrun are averagesof about30 cyclesfor the X snd Y axes
and 15 cyclesfor the Z axis. The timingerrorwas lessthsn 0.01
secondper minute. A mean valueof the periodof oscillationfor each
set of runswas used for the determinationof the mcnuentsof tiertia.
The equipmentused for the measurementsof the mments of inertiawas
testedby oscillatingknownmasses;the calculatedand measuredvalues
agreedwithin0.50percentin alJ cases.

Correctionsto basic data.- Additionalmass and buoyancyeffects
were considere~.Additionalmass correctionsweremade accordingto
reference8 and are includedin the ssmplecalculationsgivenin
AwendixB for load condition1. The resultingtruemomentsof inertia
aboutthe body referenceaxes are givenin tableII.

Precision.- The effectan the mcmenti-of-inertiacalculationsof
the possibleerrorstn the variousmeasuredand computedquantitiesis
summarized= tableIII,which showsthe percentageerrorin the true
momentsof inertiadye to individualerrorsin eachvariabletakenone
at a time. The possibleerrorsin the variableswere estimatedon the
basis of the presenttest techniquesand the previousaerience of
references4, 6, ad 8. The total of the individualpercentageerrors
is a measureof the o~ precisionof the method. The valuesof
*1.7,+1.2,- *0.60percentfor IXref> Iyref>

- l%er+%pe*tively,.sreslightlylowerthan the valuesof +2.5,*1.3,an
estimatedin reference6 for the usualwdnging methods. Detailedco&
parisonwith the data of references4 snd 6 indicatesthat,h general,
the errorsin measuredmomentsof inertiaare slightlygreaterfor the
new methodthan for pretiousmethodsbecauseof the directeffectof
errorsin the evaluationof the springconstan$ C. However,this
disadvantageis more than offsetby the reduction,due to the shorter
suspensionlengths,in the magnitudesnd resultanterrorsof terms
involvingtransferfrom the axes of oscillationto axes throughthe
centerof gravity. This is illustratedby the factthat for the present
teststhe maximumdifferencebetweenthe measuredmomentsof inertia
and the true~ts of inertiaaboutaxesthroughthe centerof gravity
is lessthan I-6percentof the latter,comparedwith the 200- to

.

.

-r --- , ----- ..--— — .---, - .-—
.-

,,
-,



.
NACA !l?ll2201 13.

. 70&peroent differencesinherentwith
viouslyused (references4 to 7).

Inclinationof the

oompound-pendulummethodspre-

PrinoipalAxes and
Pr@oipal Momentsof Inertia

?nolinationof the mrinoimalaxesbY%w o-suspensionmethod.- The
calculations,from equations(6) and (7), of the inollnationof the
prinoipalexis from measurementsof the momentsof inertiaaboutthe Z
and X referenoeaxes and an inolineaaxis in the XZ planeare given -
in Append3xC. With regardto precision,the net effecton I

xzrff
of

a small errorin the Mreotly measurcqlquantity e is small,as s the
effectof an errorof *O.6 peroeti(seetableIII) in I~ef. However,
the term Ixref co# ~ - 1~ in equation(6) representsthe smalldif-
ferencebetweenlargenumibers,so that I~ef is very sensitiveto .
errorsin Ixre

f
end I=. Sinoe cos2 0 is nearlyequalto 1, the

possibleerror n the differenceis approximatelyequalto the errorin

lxref- Ixes which crises,in turn,from errorsin P, L, and Z.
TableIII indloatesthat these itemscan causean errorof about*O.55
peroentin eacliIX value,givinga possibleerrorin, Ixref co~2 I?3– I
of about 1.10 percentof Ixref. 2Substitutionof this errorin Appe@ldx
yieldsa maximm pos,sibleerrorin Ixzref of *659 slug+!?eetsquared
correspondingto about *1.~“ in terms of e. Computationshave shown
that in orderto obtainreasonableacoumcy in the analysisor prediction
of the dynamiclateralstability characteristics of high-performanoe air-
planes,it is oftennecessaryto know e to less than ti.0° (referenoe2).
The aocuraoyof the tw~uspension methodcouldbe increasedsomewhatby
measuring IQ at largeanglesof ino~nation e. However,this pro-
oedure&es not appearpromising,in view of the handling&Lfficulties
whichmightbe encounteredwith airplanesof largesize or unusualcon-
figuration.

Inclinationof prhoipal axesby the “Null”method.- & the
torsional-pendulumqwdngingswith the airplaue X referenceaxis at
various’anglesto the horizontal,therewas a rollingmotionat all test
attitudes,so that the inclinationof the prinoipalaxis of the airplane-
gear combinationwas not determineddirectly. However,as shownin fi~
ure 11, this inclinationcouldbe establishedby titerpolationfrom a
plot of the valueof the dimensionlessratio of maximumro~otion
amplitudeto the correspondingyaxotion amplitude,where these
amplitudeswere measuredacrosdthe envelopeof the ,oscillatione.!i?h&
data indicatean inclinationof 2.4°,with a precisionof about*O.1°.
The torsionalpendulumwas damagedprior”to measurementof the produot
of inertiaof t@e gear itself. Hawever,it was estwted that the
correctionto e due to the gear wouldbe of the orderof +0.3°, so
that E for the airplauealonewouldbe about2.7°. It is believed
that,with minormodificationsto a~aratus and technique,e for the
test airplanecouldbe evaluatedto within+0.1°, whioh correspondsto

.—. .. .. ------ . .- .—- .-—- - ——. .— ----- .- —--- -. .- —-= ..- -. -- —-— -.-— --- -.
. .
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an errorof *35 slu@?eet sqyeredin I~ref. Althoughthe estimated
value of ~ of 2.70 is in exce12entagreementwith the value of 2.770
detemined by the two+nzspensionmethod,even this musthe considered
as fortuitousin view of the possibleerrorof =. ~“ for the latter,

.

.

Principalmomentsof tnertia.- TEe principalmomentsof inertia
were determinedfrom equations~), (9), ~d (lo). The samplecompute
tions (basedon the two-suspensionI~ef data)for load condition1
are givenin Appenti C. .The principalmomentsof inertia,proauctof
inertia,and inclinationof the principalaxes for the two load condi-
tionsare summarized in tableIV. Since e is so small,the momentsof
inertiaaboutthe principalaxes and the resultingpossibleerrorsare
nearlythe same as the momentsof tiertiaaboutthe referenceaxes and
the correspondingpossibleerrors(tablesII and III).

coments on A~atus - Procedures

Comparedwith previousmethods,the simplicityof the apparatusand
the handlingprocedurescaunotbe stressedtoo hi@ly. H&iUtng of the , .
airplanewas reducedto a minimumand at no timewas it necessaryto
hoist or jackthe airplanein unnaturalpositionsor to any greatheight.
In view of the apparentsimplicityand accuracyof the Null methodfor
deterdning the ticlinationof the principalaxes,provisionsh the .

-s supportcradleto facilitatecontinuousand accuratechangesin
airplaueattitudewouldbe desirable. Sincethe amplitwieof small
rollingmotion is of importancein thismethod,sensitiverollmeasuring

rumentsbasedperhapson straingdgesor an opticallevershouldbeinst
employed.

Thesemethodsof ~rtia measurementt can he applied,of course,to
otherairplanes,evento very heavy airplanes, if adequate prmision is
made for increasingthe Weigh-srrying capacitiesof the loadedmenibers.
Thereappearsto be no greatdifficultyin the applicationof the X-axis ‘
and Y-axisequipmentto otherairplanes;the detailsuspensiondesign
wouldbe dependentupon the particularairplaneconfigurationand struc-
ture. It may be necessary,in acme cases,to accountfor the effectcm
the springconstantof the flexibilityof the structurebetweenthe
pivotsand springanchors●

l?orthe ~is mkasurements the applicationof the overheadtop
sionalpendulumis lhited by the low%csrryingcapacityof the available
supportingstructure(designload of presentequipmentwas 20,000pounds).
This limitationmightbe overcomeby a torsionalpendulumwhich supports
the airplanefrombelow. Prelimhary esttites ticate the practica-
bility of such a systemwhichwould employa platformflushwith the
groundas the supportcradle. The airplanewouldbe supportedfrom this
platformat the axle axis of the extendedlandinggear.

.. . .. . . -,-- .-,- . ... .
-. . . .> ,.
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CONCLUDING REMARKS

The methodsemployedin the presenttivestigationfor measuringthe
momentsof inertiaof a 13,000-poundairplanereducedthe handling
problemsad inherentinaccuraciesof previousmethodsand appearsW*
able for extensionto inertiameasurementson very heavya~lanes.

The test equipmentwas checkedby measuringmom=ts of inertiaof
knownmasses;the calculatedsnd measuredvaluesagreedwithin0.50pep
cent= -SiS of the precisionof the airp~e ~ertia~as~~ents
showedthe maximumpossibleerrorsto be +1.7,.*1.2,end *0.6 percentof
the truemomentsof inertiaaboutthe X, Y, end Z sxes,respectively.
At no’ttiewas the maximumdifferencebetweenthe measuredmomentsof
inertiabeforecorrect= for additionalmass,transferof axes,etc.,-
and the truemomentsof inertiagreaterthen 16 percentof the true
momentsof inertia,as comparedwith the 200- to 70&percent differences
inherenth the swingtcgmethodspreviouslyemployed..

The airplaneproductof inertiaand inclinaticmof the prtncipal
axeswere determinedlytwo methods: The firstmethodwas dependentupm
valuesof momentsof tiertiaaboutan incUned axis in the XZ planeand
aboutthe X and Z referenceaxes,and was characterizedby possible
errorsof *1.9° in tliederivedvalueof e, The othermethodutilized
the coupledmoticmbetweenroll and yaw which occurredwhen the airplane
was yawedaboutan axis otherthan a principalaxis. Brieftestswith
thismethodindicatedthat e coul.dbeevaluatedto within*O.lO,which
correspondsto en errorof approximately+35 slug-feetsquaredin the
productof inertiaof the test airplane.

AmesAeronauticalLaboratory,
NationalAdvisoryCommitteefor Aeronautics,

MoffettField,Cslif.,Apri15, 1950.

* .
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MTENDIX A.- PHYSICALcHARAcTERIsmw

NACA TN 2201

OF AIRPUNE AND INERTIA
GEAR AS USEDIMR MOMEWIWO?-INEEUZA~S -

‘ General
\

Type : Single+mgine,propelle~iven, two-@ace divebcmber

Weight@ hlanoe

Load condition1
Basic airplane
Pilot and observer(400p&u& )
Reseamh inst~ntation
23 gdlons oil
300 gaKlonsgasoline(fueltsmksfull)

Weight . . . . . . . . . . . . . . . . . . . . . . . 13,090lb
Longitudinalcente~f~avity position
Gear up . . . . . . . . . . . . . . . . . . . . . 30.2~ M.A.C.

Vertioaloente~f-gravity positionfrom fuselage
reference(thrust)line. . . . . . . . . . . . . -0.130ft

Load condition2 ‘.
(Loadooxtion 1 lessfue~)

Weight . . . . . . . . . . . . . . . ... . . . . .
.

u,525 lb
Longitudinalcetieti-@a~ty position
Gear Up . . . . . . . . . . . . . . ...0... 27.1.2$M.A.C. .

Verticaloente~~vity positionfrom fuselage
reference (.thrust)line.. . . . . . . . . . . . 0:1.24 ft

Dimensionsfor inertiameasurements
x axis
Perpendiculardistarmefrom the axis of the
springto @s of oscillation,&
e = 7660” . . . . . . . . . . . . . . . . . . . . . 10.30 ft

Stat!o=s&ing &&s&&” o: lh; ;e;t&&& “ ● “ ● “
springs, Gx (total) . . . . . . . . . . . . . .

Perpendiculardistanoefrom the axis of oscilJa-

10.21 ft

5832 lb/ft

tion to the airplaneoetierof gravity, lx
Load condition1

e S:*60 ? . . . . . . . . . . . . . . . . .
e. . ..0.. .* *.** ● 00,

Load=conditi&*2”
e =~e~o....-..e.:.me. .***

e = 0°
Verticalcomponeh”o; ~h; &&n~e “b~&e&”t~e” “ “
X axis of oscillationand the airplanecenter
of gravity h=
Loadconditionl...... . . . . . ... .
Load-condition2...... . . . . . . . . .

. .

1.34 ft
1.93 ft

L 63 ft -
2.19 ft

,.

.
1.93 ft “
2.19 ft
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Y axis
Perpen&bular
to the axis

Perpendicular
to airplane

17 “

.

distanoefrom the axis of spring
uf oscillation,~. . . . . . . .16.4gft
distancefrom axis of osoillatiori
centerof gravity, lY

Loadoonditionl....... 1 . . . . . . 3.064ft
Loadcondltion2....... . . . . . . . 3.411 ft

Statiospringoonstant, Ca y . . . . . . . . . XO lb/ft
z axis
Equivalentspringconstantof the torsiinalpen-
dtiumand airplane-su~ort cradlecmibina- 82,000f%lb/
tion, Cz . . . . . . . ..o. . . . . . . . . radian

Momentof inertiaof torsionalpendulumand ai~
plane supportcradleoofiinationaboutaxis of
pendulm shaft, Iz. . . . . . . . . . . . . . 216 s@@%2

Vefiical-componentof-thedistanoebetweenthe
Y axis of oscillationand the airplanecenter
of gravity,

?kadconditonl. ..~ . . . . . . . . . .
Loadoondition2.... .’. . . . . ...=

wing
. Areas . . . . . . . . . . . . . ..e. =.. e.~m=

Span,b . . . . . . . . . . . . ..~....o===~
Aspectratio,A....... . . . . . . . ...*..
Taperratio,A...... . . . . . . . . . . ..-=O .
Meanchord, E........ . . . . . ..00 .mo.

M.ARC. . . . . . . . . . . . . . . . . .. *.*9*=*
wing volume . . . ...& •*c*ac*..=.~*= ●

Dihedralangle (topsurfacefront spar) . . . . . . . .-
Additionalmomen=f-inertia coefficientfor X
swingingof a flat rectangularplate (forA= .87>
fig. 4,reference8), kx. . . . . . . . .. ~...

Tape~ratio correctionfactor (fig.6, referenoe8), DL
Dihedralcorrectionfactor,(fig.5) ref~~ce 8) ~
Distanceaft from leadingedge of wing to leadingedge .
M.ARC. . . . . . . . . . . . . . . ...9.=** ● *

Fuselage
Fuselagelength, Lf . . . . . . . ..-. ..=O s=.
Geometricaveragetidti, w. ......as==~.=
Gacm&ric average*pth, d. ....O*.000~=C
Finenessratioof equivalentfuselageellipsoid . . . .
Width+lepthratio, %T/a . . . . . . ..e .9. ..--
Perpendioukr distanoeh the verticalplane frcuuthe
X axis of rotationto the centroidof sidearea of
the fuselage, ~f~
9 = 7.60 . . . . . . . . . . . . . . . . . . . . . .
00 . . . . . . . ... . . . . ..”* *~*****=

Componentof distance,in the XY prinoipalplane,of
the perpendiculardistancebetweenthe Y axis of
rotationand the centroidof top area of fuselage, Zfy

o.~1 ft
1.005 ft

49.72ft
5.87
2.32

8.48 ft
109.3 in

636 fta
60

0.88
0.78
0.80

0.03 ft

34 ft
3.5 ft

6.IL ft
7.04

1.745 .

1.59 ft
2.51 ft

0.05 ft

. .— —..-. . . .----- - -Ta —---- . . .......-_ —____ —--- .- - —.— . .—-. — —.. ..— .-. —
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Perpendiculardistancein the
the Z axis of rotationto
area of fuselage, Zfz

.

MACA TN 2201 .

verticalplanefrom .
the Centroidof side .

2.44 ft

2.72 ft
zfz=Jloaaconaitioilo. . . . . . . . . . . . . .

Zfzz>loadcondition2”.... . . . . . . . . . .

Coefficientof additionalmass of equivalentfuselage
ellipsoidfor motionalongthe
(fig.7, reference8),
key . . . . . . . . . . . .

kfz . . . . . . . . ..e.

coefficientof additionalmoment

1.54

0.57

. . . . . . ●

● ...9**

of inertiaof
fuselageeld.ipsoidaboutthe Y end Z axes
(fig. 8, “reference8),

0.44
1.25

● O

.*

● m

.9

● m

● .

.m

.9

● *

ktfy . . . .
k~fz . . . .

●

●

●

✎

●

✘

●

9

● O

.0

● *

● *

9*

●“ ●

90

● .

● .

● ☛

● ☛

● 0

● -

● *

● *

90

● m

●

●

●

●

●

✎

✎

●

●

. . .

● .a

● .m

● **

● .*

● .*
.

. . .

.**

● .9

.*
.

.

.

.
●

●

✎

✎

.

.

●

●

●

●

●

●

9

●

●

✎

✎

●

●

✎

✎

✎

●

●

●

●

●

●

✎

●

●

●

9

9

●

●

●

●

●

.

.
727 ftaFuselage volume

Horizontaltail
Area,S....
Spsn,b....
Aspectratio,A

~ Taperratio,h .
Mean chord,5 .

107.4 ft=’
19.04ft

3=37
2.30

5.65 ft
40.3 ftg

.

.

Volumehorizontaltail
Componentof distancein the XY planeof the fuselage
of the perpendiculardistancebetweenthe centroidof
the horizo&&tail area and
tion, 2

5°”0. .* *.0
Coefficientof additionalmass
rectangular@ate of A=3.37

the Y axis of rot*
● **e *e* ● a***
of = equivalentfl-at

16.07f%
\

(fig.j, 8), 0.876reference

● ☛

● ☛

● ☛

✎ ✎

● 9

.a

vertical tail
Areas . . . . .
Span,b.....

‘ Aspectratio,A .
Taperratio,A . .
Mesn chmd.,~ . .

45.7 ft2
7.78 ft

1.32

5.8:”:
17.94 ft~

19.31 ft
19.60 ft

0.65

● m

● *

● O

● O

● a

● 9

.
●

✎

●

●

●

● ☛

● ☛

● ☛

● ☛

✎ ✎

● ☛

●

✎

●

●

●

✎

●

✎

9

●

●

●

●

✎

✎

●

9

.

9.

● *

.*

● a

. .

.*

.
●

9

●

●

.

9

●

●

.

9

●volume VeI%ical tail
Perpendiculardistancefrom * c.pntroidof area of the
vertical tail to the Z axis of rotation,
2tz=Jloaa.conditionl.... ● .. . . . . . . . . .

ztz*9loaa.condition2....... . . . . . . . .

Additionalmass coefficientof an equivalentflatreu-
tangulzmplate of A=l.32 (fig.3, reference8), k . .

*

●

.
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X exee

(a)

\

“ (b)

Y E@.s

. *

e=o”, 2fx=2.51 feet

(W mem)e=~ =

=

a

. .

(W USS)e=~o =

{f%

.

(0.002378)& (0.w)(O.@)(o.~) (@)2(49.Z)+(l.54)(3k)(3.5)(6.n)(2.71)2
J

(0.002378)(318,244 + 7054.34)

773.56 sl~eetz

@=T.600,ZfX=l.~9feet

763.47 slu&feet2

{[ (w K)lm.+[%z%ti O’y)21fuee +
p ;%?,W ~+pfi

[fkf (’J21ht } ~ . ‘

G
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.
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,,

,,

1

I
i,
. .

I

‘i
.:
I

.’“1
,,

i

:
! . .

= 0.002378
{[$

1[

(0.&)(34)(3.s)(6.u) ~ + S- +
2X 1

ro.57 (34)(3.5)(6.u)(o.m)z] +

[
1}

f (oJ376) * (mm’
●

=o.m2378(1g631.85 + 1.04 + 107S635.46)

Ida maea = 302.64 Eil*feetE

~ exis

= 0.002378
{[ 1[ 1

;(U5)(3k)(3.5)(6.U) ~+q +,
2?

[

[1.54 (3k)(3.5)(6.U) (Q.1#] + ~(o.65)~. (19.31)2

●

1}

r

1

I

,

I

I

I

.;

.,

.,



. .
t

Mcnnents & Inertia AboutBcdy Refemm6 Axes
Through the Airphne Center of Gravity

x axes.:.,

‘“1 (a) %0°
.:
1 From equation (2)

I
..
I

.;
I

,:

% = 1%32 -1’- ~“’ - [~+v(p)l’+ “

m c. %? (3J ‘%~+~ -%um m.. -: (Z=)’ -V(P) (2X)2 ,

.1 = 5832 (10.21)2(0.03065)- 13090 (1.93)(0.03065)-773.56-406.52 (I.93)2-

1.,
i

1421 (0.002378)(1.93)2

1 = 1s633.72-7’74.33-773.56-1514.25 - 1.2c59= ~d33~T -3074.73

I = 5832(10.30y(0.02891) - (W390)(1093)(0.@390- 763.47- 406.% (1.4)2 -

I (lh21)(0.0@378) (l@)’

I
P

●



I
I

.

= 17887.u -730.37-763.47-729.95 -6.07 = 17887.11-2229.86 ‘ ‘R?
I

1

~
~ = 15657 i31ug4eeta

Y axis

W311 equation (3)
.

I

lYrgf “ IY~El - %&l mssa -[:+V(P)I’2J2

“,~=(is-M(*Y-347”44-:(’Y)2-V(P)‘“)2
.i

1
I

= 5820 (16.49f (0.019ct$)- (13090)(o.751)(0.019@ -302.64- 406*z (3.064)2-

1421 (0.00i378)(3.0~)’

. 30163.88- 187.37- 3cQ.& -3816.41-31. m E 30163.8!3-4338.14

IYr& . 25826 shag-feet=

z axis

IWcnu equation (5)

Iznr =

.

%&“

%eaS- %ld mass - ~=% (&y -’.aadn=s s-~

i?eoca(0.44502) -264.85-216 = 36@ - J@o.85

36011.slug-feet’

.

E

1 > #

. .
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AIPEmlm c.- OAumATIom cm THE moImAmorT al?THE PRINCIPAL AXm Am
THE PRINcmALMoMENm CIFINERTIA FOR ILIADCOMMTTON 1

Produot of Inertia .

From equation (6)

I sin2 9 + I OOs= e - Ix

kzref “
ef ef

2 Bin e 000 e

then ,

Imref = o6011)(o.o1749) + (15559)(0.98252) -15657 .629.83 + 15Q87.03 -1565 7= ZEJK2
0.26219 o.2&19 0.26219

lxJ%ef = 991.U alug4eet2

Indimtion of the Prinolpal Axis

From equation (7)

!s



From equation (8)

.

PrlnoiP’LI.Momwrts of Inertia

lyprin = Iyrd .25826 alweet2’

‘l?rmuequation(9)

Wprin “ l%ef ‘W””’+lzref “i* ‘

2(991.u)(o.05551)(0.99846)

‘Xprin
= lZiL2 Olu#eetE

FroDl equation (10)

% prin - %ef ai~ ‘ + %ref 0062 ‘

2(91.1.u)(o.05551)(0.99846)

-2 %m’f sin e 00S e = (1555g)(0.$@846)2 + (3601J.)(0.05551)2

= 15511 + 11.1-110

+21M aineooae= (15559)(0.05551)2+ (3@u)(0.99846)2
ref

. 48+35900+110

.

i
I

+

I
I
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TABLEZ.- PERI~ OF OSCIIJATICIN,MOMEN!l&OF-lI?lXITIA~S .

[Loadcondition1. Fuel taaksfull,crew of two
airplaneweight13,090pounds]

pl.oo”pounds),

1x axis (rollaxis) -

I
Y axis

9=7.60° 9=00 (Pitch =lS) 4
z Sxis

(ysw Ems)

period
(see)

4.I.898
4.1%?8

I Run
period pf2350a
(see)

perloa
(see) (see)

1.0691 1.1OI.6 0.8681

1.0714 1.1o16 .8676t-+-

-=E---l
-+%-i

H=
1.0683 l.@gg .8663

1*W 1-W% .8651

4.1925 I
1.(%82 . l.mog ~ .8668

1.0692 1.1OIJ.I .- ‘
+

4.1840

4.1945
.-.

.

1.0661 I 1.1007 I .%75

I M 1.0690 1.0973 .86W

1.0655 1.1017 .8680 -++l--+- 1.0686 I 1.1003 I .8677 --- I, ,
l.(%& I 1.0976 I .8651

-%+1.0693 I 1.1004 I ---

k
17

I-8
19

1.0676 1.1oo8 ---

1.0672 1.og75 ---

1.(I7I5 1.1oo7 ---

1.0681 1.1008 ---

1.0567 1.0972 ---

-=3

=+

---

---

---t-+!5-
1 22

%%E%I==
--- I

==1
I Mean period,

second
1.0684 1.1000 ‘ .%74

.290 .254 .2653 =4
4.1914

.1765
Meximml v&z’l&
tion from mean

period,percmt
htiimumVarle
tion frcm mean

mwlent of
inertia,percent

.578. .330 .613
%

.351 I‘

.

.- -.. . . . .. . . .
.,

,.
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TABLEI.- CONCLUDED
.

[Loadcondition2. Fuel tamksempty,crewof twn (kOOpounds),
airplaneweight11,525pounds]

Run

X axis (rollaxis) Y axis z axis
(pitchaXiS) (yawaxis)

9=7.60° e=o”

period period period period
s (see) (see) (see) (see)

1 1.0399 1.&85 0.8669 4.1064

2 1.0392 1.0569 .8661 4.1171

3 1.0403 1.0585 .8663 4.llg7

4 1.0378 M578 .8663 4.U40

5 1.0400 1.0585 .8665 4.1257

6 1.0382 1.0585 .8651 4.U99

7 1.0400 1.0565 .8659 4.111o

8 1.0384 1.0584 .8654 4.1.145

9 1.0401 1.0581 .8656 4.1113

10 1.0381 1.0588 .8650 4.1210

u --- 1.05g5 -–- -–-

12 --- L0587 --- ---

Mean
period, 1.0392 1.0582 .8659 4.1161
second

Maximum
variation
frommean .106 .til .I.16 .236

period,percent

Msximum 1
variationfrom
mean moment .185 .351 .267 .187
of inertia,“
percent

27
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NACA TN 2201

TABLE II.-MOMENTSOF INERTIAABOUTBODY AXES
THROUGHAIRPLANECENTEROF GRAYITY

Item I LoadI ha
condition 1 Cmdition 2

Ixe, sl~feet= I 15,657

I
14,687

(e=7.600)

l%ef > slug-feet2 I u,n9 I 14,022

(6=00)

lYref> sl~feet2
I

25,826
I

25,329

%refs sl~feet2
I

36,011
I

34,710

“

.

.
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TABLE III.-RESUUTSOF PKECISIONANAIZSIS

Variable
Possibleerror,percentof truemoment

of inertia(*)

Synibol Estimatederror (A) l&ef lyref %ef

c 0.5 percent 0.59 0.58 0.50

L 0.01 foot .24 .14 --

P 0.0005second .ll .13 .02

1~ us 10 percent
● 57 .13 .08

w 5 pounds <.01 <.01 --

1 0.02 foot ●2O .20 --

Vp 10 percent <.01 ● 01 --

e 0.01° -- -- --

Total *l.7J- *1.19 . +.60

.

.

.
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NACA TN 2201

TABLE IV.- PiUNC=AL MMEN!J?SOF INERTIA,PRClllUCTOF
INERTIA,AND ~CIJNATI~ OF ~CIPAl AXES

Item
Load ‘ Load

condition1 condition2

Ixp# sl~f eet2 15,512 14,215

1Ypr~2 sl~f eet2 25,826 25>329.

I~m, sl~eet2 “ 36,058 34,517

l%ef $ sl~f eet2 991 -1155

G, amglebetween
~incipal axis and 2*77
X referenceaxis,

-3.19.
degrees .

.

.

.
.
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I &A?nt’mid )kvlzontul
f w.. Uma

.

.

w1

1

‘?J-!-L ‘n’m’d”’raw fusdoj
Tlllll-

;8
.,

z=+--++
[

++
I

I

.

X axis reshhlng spring#’

Figure L- Sketch of test alrp/ffne showingperthent symbo/s for
moment-of-inertia measunsments.
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m 3.- Mment of-inertia gear, X axis (roll), e+o.
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H!_——---+% J i

(a)Rear fitting, e=7.6000 (b)Rear fitting, 6=0°.

.

(C)lihntV-block.

Figure4.- X sxis lmif~dge fittings..
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IMgure 5.- Dtile qposure ahowhg oscillatims in roll.

1

I



.. ---— ---

.

.

.

.

. “

.

.
.

,

I

..-. ____
/-. . .,



I

I

L-— —_____ ...J?!EA..
Figure 6.- 14mlentof inertia gear, Y axis (pitOh) .
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Figure 7.- IG3if=dge and V=bbok &9 SC!Hlbw.
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Figure 9.- Wment of inertia wW, Z axis (~W) , 19+0.
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Figure 10.- DodJle -O- ShOK@ OS&~tim LU yaw. “
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6 of airplane- geor
combhofion 7—
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2

Attitude of airplone X reference axis to
horizon, deg

Figure //. - Ratio of n?oximum roll to yow as a

function of oirplone attitude as meosured

with the torsionol pendulum. Lood condition
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